Introduction {#s1}
============

Meckel\'s diverticulum (MD) is the most common congenital malformation of the gastrointestinal tract involving 97% of omphalomesenteric duct malformations. It was first described in 1809 by the German anatomist Johann Meckel ([@B1]). However, it was not until almost 100 years later that the understanding of MD increased with the discovery of ectopic gastric mucosa by Salzer and associated ileum ulceration by Deetz ([@B2]). Bleeding from a MD containing ectopic gastric mucosa is the most common clinical presentation in younger patients, but it is rare in adult patients. The most common complications in adults include intestinal obstruction and diverticulitis. Due to the rarity of presentation in adults, the presence of a symptomatic MD is usually misdiagnosed preoperatively. Treatment of symptomatic MD is definitive surgery including diverticulectomy, wedge resection and segmental resection; the type of procedure depends on the integrity of diverticulum base and adjacent ileum as well as the presence and the location of ectopic tissue within MD. Prophylactic resection of an accidentally discovered MD is debatable and is reasonable that the decision-making of resection to be based on identified risk factors ([@B3]).

Anatomy {#s2}
=======

MD is a true diverticulum involving all layers of the intestinal wall. Typically occurs within 100 cm proximal to the ileocecal valve on the anti-mesenteric border. Its blood supply is derived from the right vitelline artery which subsequently becomes the superior mesenteric artery; a mesodiverticulum may be present or not. It may have a persistent connection to the umbilicus via a fibrous band, but most often it is free and isolated ([@B4], [@B5]).

The lining of MD may consist entirely of intestinal mucosa, but often has ectopic mucosa. In 2005 Park et al. presented the Mayo Clinic experience of 1,476 patients with Meckel\'s diverticulum. Among the 180 resected diverticula in symptomatic adults, 43% contained ectopic tissue. The most common ectopic tissues were gastric (33%), pancreatic (5%), and carcinoid (2%); 63% of bleeding diverticula in adults contained ectopic gastric mucosa. Among the 806 resected diverticula in asymptomatic adults, 14% contained ectopic tissue. The most common ectopic tissues were gastric (8%), pancreatic (3%), and carcinoid (2%) ([@B5]).

Regarding the presence of ectopic tissue within MD, intraoperative identification is difficult. Park et al. showed that in 62% of MD with ectopic tissue, ectopic tissue was not palpable neither identifiable based on macroscopic wall thickening at the time of surgery ([@B5]). Regarding location of ectopic tissue, in Mukai et al. study of 8 patients with symptomatic MD containing ectopic gastric mucosa showed that long MD had ectopic gastric mucosa at the distal end and short MD in almost any area ([@B6]). In Varcoe et al. study of 25 patients with resected MD with ectopic gastric mucosa all 5 patients with long MD, defined as height-to-diameter ratio \> 2, had ectopic tissue only in the diverticular tip and body, whereas 20 patients with short MD, defined as height-to-diameter ratio \< 2, had wide distribution of ectopic tissue with 12 (60%) involving the whole MD including the base and eight (40%) involving the tip and body only. The authors concluded that simple transverse diverticulectomy is not recommended for short MD and macroscopic appearance in terms of height or wall thickening does not predict the presence of ectopic gastric mucosa ([@B7]).

Complications {#s3}
=============

The total lifetime rate of complications is widely accepted at 4% with a male-to-female ratio ranging from 1.8:1--3:1 ([@B8]). Yamaguchi et al. in a retrospective study of 600 patients with MD showed the following complication rates among 287 symptomatic adult patients: (a) intestinal obstruction, 36.5%; (b) intussusception, 13.7%; (c) diverticulitis and perforation, 12.7 and 7.3% respectively; (d) hemorrhage, 11.8%; (e) tumor, 3.2% ([@B9]).

Obstruction {#s4}
===========

MD can cause intestinal obstruction by: (a) volvulus of small intestine around the fibrous band extending from MD to umbilicus; (b) ileoileal and ileocolic intussusception; (c) incarceration of MD in an inguinal or femoral hernia known as complicated Littre\'s hernia; (d) axial torsion of MD with or without a fibrous band extending from MD to the mesentery or the umbilicus; (e) entrapment of small bowel beneath the blood supply of the MD known as a mesodiverticular band; (f) stricture secondary to chronic diverticulitis; (g) MD lithiasis (enterolith, bezoar); (h) entrapment of small bowel beneath a band extending from MD to the base of mesentery; (i) tumors ([@B10]).

Diverticulitis {#s5}
==============

Inflammation of MD mimics acute appendicitis and should be considered in the differential diagnosis of a patient with right lower quadrant pain. Ludtke et al. in a retrospective study of 84 patients with MD showed that preoperative diagnosis was rare (4%); MD was a rare intraoperative finding during exploration for appendicitis with an incidence of 2.4% and a ratio of diverticulectomy to appendectomy of 1:55 ([@B11]). Diverticulitis and perforation occur at a combined rate of \~7.3%; additional complications include abscess and fistula formation ([@B12]).

Bleeding {#s6}
========

Lower gastrointestinal hemorrhage is the most common presentation of MD in children; the average age of presentation is 2 years, but bleeding may occur in older children and adults. Bleeding is associated with the presence of ectopic gastric and pancreatic mucosa which secretes acid and pancreatic secretions causing ulceration of the adjacent ileal mucosa. However, in adults other rare causes have been reported such as tumors ([@B13]). In adults bleeding is usually painless and presents with melena. ^99m^Tc-pertechnate is at present the investigation of choice in suspected bleeding from MD; its diagnostic sensitivity, specificity and accuracy has been reported as high as 85, 95, and 90%, respectively in the pediatric age group. Angiography may also be useful for localization of the site of bleeding and specific diagnosis ([@B14]). To date, few data are available regarding the role of capsule endoscopy (CE) and double-balloon enteroscopy (DBE) for diagnosis of MD. Krstic et al. in a retrospective study of 157 CEs for gastrointestinal bleeding showed that the diagnostic yield of CE for MD was 18.6% ([@B15]). He et al. in a retrospective study of 74 patients with surgically proven MD submitted preoperatively to CE or DBE for gastrointestinal bleeding showed that the diagnostic yield of CE and retrograde DBE for MD was 7.7 and 86.5%, respectively. Contrary to CE, the authors concluded that DBE provides a reliable diagnostic tool for patients with gastrointestinal bleeding highly suspected of having a MD ([@B16]).

Tumors {#s7}
======

Tumors of MD are very rare and reported only as case reports. The most common tumor is carcinoid. Park et al. in their retrospective study of 1746 patients with MD reported 4 patients (2.2%) with carcinoid, 2 patients with lipoma (1.1%) and 1 patient with leiomyosarcoma (0.6%) among 180 resected symptomatic MD in adults. The authors also reported the presence of carcinoid in 17 patients (2.1%), lipomas in 2 patients (0.2%), mucocele in 1 patient (0.1%), leiomyoma in 1 patient (0.1%), and metastatic adenocarcinoma in 1 patient (0.1%) among 806 resected asymptomatic MD in adults ([@B5]).

Management {#s8}
==========

Treatment of symptomatic MD is definitive surgery including diverticulectomy, wedge and segmental resection performed by open or laparoscopic approach. On the contrary, routine resection of incidentally discovered MD remains controversial.

Diverticulectomy or wedge and segmental resection for symptomatic MD?
---------------------------------------------------------------------

The type of procedure to be performed for resection of symptomatic MD depends on: (a) the integrity of diverticulum base and adjacent ileum; and (b) the presence and location of ectopic tissue. As referred above, the presence of ectopic tissue cannot be accurately predicted intraoperatively by palpation and macroscopic appearance; however, when present its location can be predicted based on height-to-diameter ratio Long diverticula (height-to-diameter ratio \>2) have ectopic tissue located at the body and tip, whereas short diverticula have wide distribution of ectopic tissue including the base ([@B7]). Consequently, categorization of MD in long and short, based on height-to-diameter ratio, can aid in decision making.

Based on the above, when the indication of surgery is: (1) simple diverticulitis of a long MD, diverticulectomy can be performed; (2) simple diverticulitis of a short MD, wedge resection should be performed; (3) complicated intestinal obstruction, complicated diverticulitis with inflamed or perforated base and tumor, wedge or segmental resection should be performed; (4) bleeding, wedge resection or segmental resection are the preferred methods for resection; however diverticulectomy can be performed for long diverticula ([@B5]--[@B7]). When residual ectopic tissue is histologically confirmed after simple diverticulectomy for bleeding MD, reoperation for segmental resection is necessary only after bleeding remission as simple diverticulectomy does not increase the risk of postoperative bleeding ([@B17], [@B18]).

Laparoscopic approach (diverticulectomy with endostaplers, wedge or segmental resection with extracorporeal or intracorporeal anastomosis) has equivalent outcomes to traditional laparotomy for symptomatic MD in both pediatric and adult patients ([@B19]). Ezekian et al. in a retrospective study of 148 cases of MD, showed that postoperative complications, rate of reoperation and readmission were similar between laparoscopy and laparotomy patients. The authors reported a conversion rate of 27.4% and suggested avoiding routine conversion for palpation of the MD or segmental small bowel resection in the absence of compelling intraoperative findings or operative complications ([@B20]).

To resect or not an incidentally discovered MD?
-----------------------------------------------

Management of incidentally discovered MD remains controversial. In 2008, Zani et al. in a systematic review of 244 retrospective studies showed that resection of incidentally discovered MD had a significantly higher postoperative complication rate than leaving it *in situ*. The author\'s concluded that leaving an incidental discovered MD *in situ* reduces the risk of postoperative complications without increasing late complications ([@B21]). On the other hand, Zulfikaroglou et al. in a retrospective study of 76 patients with MD showed that there was no significant difference between symptomatic and asymptomatic patients with respect to postoperative complications. The authors concluded that resection of incidentally discovered MD is not associated with increased operative morbidity and mortality ([@B22]).

As management of incidentally discovered MD remains unclear, it is reasonable the decision making to be based on the presence of risk factors for developing future complications. In 2006 Robijn et al. in a systematic review suggested that decision making of resection should be based on the presence of the following risk factors: male sex, patients younger than 45 years, diverticula longer than 2 cm and the presence of a fibrous band ([@B23]). Park et al. in a retrospective study of 1476 patients with MD showed that (1) patient age younger than 50 years; (2) male sex; (3) diverticulum length \>2 cm; and (4) ectopic or abnormal features within a diverticulum were all risk factors associated with development of future complications. The authors recommended removal of all incidental MD that fulfill any of these 4 criteria as when 1 criterion was met, the overall proportion of symptomatic MD was 17% and when 2, 3, and all 4 criteria were met, the proportion increased to 25, 42, and 70%, respectively ([@B5]). When resection is to be performed for an incidentally discovered MD, diverticulectomy can be performed for long diverticula and wedge or segmental resection for short diverticula ([@B5], [@B6], [@B7]).

Conclusions {#s9}
===========

MD is the most common congenital malformation of the gastrointestinal tract. Due to the rarity of cases in adults, preoperative diagnosis may be challenging because of overlapping clinical and imaging features with other acute abdominal emergencies. Clinical manifestations arise from complications such as intestinal obstruction, diverticulitis, and bleeding. Treatment of symptomatic MD is definitive surgery, including diverticulectomy, wedge, and segmental resection. The type of procedure to be performed depends on: (a) the integrity of diverticulum base and adjacent ileum; (b) the presence and location of ectopic tissue within MD. The presence of ectopic tissue cannot be accurately predicted intraoperatively by palpation and macroscopic appearance; however, its location can be predicted based on height-to-diameter ratio as referred above ([@B6], [@B7]). Regarding management of incidentally discovered MD, routine resection is not indicated. The decision making should be based on risk factors for developing future complications as referred above ([@B5], [@B23]). Intraoperative categorization of MD in long and short is substantial for decision making of symptomatic and incidentally discovered MD. The basic principles of MD management are summarized in Table [1](#T1){ref-type="table"}.

###### 

Basic principles of Meckel\'s diverticulum management.

  **Indication**                                                **Long diverticula**           **Short diverticula**
  ------------------------------------------------------------- ------------------------------ ----------------------------------------
  Simple diverticulitis                                         Diverticulectomy               Wedge or segmental resection
  Complicated diverticulitis with inflamed or perforated base   Wedge or segmental resection   
  Complicated intestinal obstruction                            Wedge or segmental resection   
  Bleeding                                                      Diverticulectomy               Wedge resection or segmental resection
  Incidentally discovered Meckel\'s diverticulum                Diverticulectomy               Wedge resection or segmental resection
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